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The authors propose the use of micro-electric vehicles called “silver vehicles” (SV) as mobility devices for older drivers who 
have difﬁculty driving automobiles. Previous reports have described research on characteristics of the elderly, proposed the SV con-
cept and evaluated it in townmobility ﬁeld tests. This report addresses feasibility of the SV concept and issues of town planning 
through a follow-up study of characteristics of the elderly three years later, long-term in-use testing of SV-comparable production ve-
hicles, and investigations of elderly driver characteristics and trailing behavior in mixed trafﬁc situations.  
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1. INTRODUCTION
More than 20% of the Japanese population is 65 or 
over, with the number increasing and certain to exceed 
25% by 2015. The notion of an aging population conjures 
images of an increased demand for nursing care but the 
ratio of those requiring such care is actually low – there are 
many “active seniors.” Quality living conditions, among 
which mobility is of particular importance, are critical 
for enabling the healthy elderly to lead active lives.
Until now the elderly have generally been consid-
ered vulnerable road users, few of whom were licensed to 
drive automobiles. As the number of elderly drivers grows, 
however, trafﬁc accidents become a more pronounced 
problem and the issue of when to give up driving more 
important. Because issues of dementia compound the 
physical deterioration that accompanies aging, and be-
cause giving up driving can mean giving up independent 
living, a comprehensive approach is required that consid-
ers both alternative means of transportation and modiﬁ-
cations to the living environment.
Against this backdrop, the authors have proposed 
an alternative mobility device for use by the elderly when 
driving ordinary automobiles becomes a challenge, and 
conducted various related studies such as ﬁeld tests relat-
ing to town planning. Such efforts are detailed in previ-
ous reports1-4, while this report describes the authors’ 
subsequent efforts.  
2. PREVIOUS RESEARCH
2.1 Characteristics of the elderly and functional 
requirements of their mobility tools1
To look at the issue of elderly mobility and trans-
portation in regions with poor access to public transpor-
tation, we conducted an investigation of the characteristics 
of 41 elderly residents of T Town in Akita Prefecture. The 
investigation was divided into three sections: a life situa-
tion interview, evaluation by a physical therapist, and a 
test of driving skills using both actual vehicles and per-
sonal computers. Because details can be found in Refer-
ence 1 they are omitted here, but we observed trends 
consistent with an average diminishing of ability due to 
aging as well as some other speciﬁc characteristics. These 
were used to deﬁne the following seven functional re-
quirements of mobility devices appropriate for use by the 
elderly: 
• Slow speed of 20 to 30 km/h;
• Ease in getting in and out;
• Ease of operation;
• Very small size for ease in handling;
• Driver support systems;
• Short-range application; and
• Safe, comfortable transportation environment.
2.2 Proposing the “silver vehicle” concept and evalu-
ating a prototype2
The functional requirements from the previous sec-
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tion were applied to vehicle design, and a new type named 
“silver vehicle” (SV) was proposed. Basic speciﬁcations 
were identiﬁed, their characteristics and signiﬁcance dis-
cussed and the concept deﬁned as realizable in the form 
of a micro-electric vehicle. A prototype (pictured in Fig-
ure 1) was produced that could be registered as road-le-
gal in the class of four-wheeled motorized vehicles not 
exceeding 50cc. The body design was new but the use of 
an off-the-shelf motor meant certain functionality objec-
tives were not achieved. The vehicle was taken to T Town 
and evaluated in comparative tests with other vehicles 
(regular automobiles, low-speed vehicles [LSV] from the 
USA, four-wheeled scooters not exceeding 50cc). Tests 
were performed twice, with gear ratio adjustments and 
other operability improvements made between tests. 
Roughly ten elderly test subjects evaluated the vehicles 
on a test course with generally positive results. There 
were problems with adjusting to the pedal-less operation 
of the prototype vehicle as well as dissatisfaction with its 
partially enclosed body design in a cold weather region, 
but support for the concept was determined to be high. 
2.3 Townmobility ﬁeld tests and town planning 3,4
Townmobility is a Japanese version of Great Brit-
ain’s oft-implemented shopmobility scheme. The authors 
conducted ﬁeld tests combining townmobility with their 
“silver vehicle” as a way to stimulate local governments 
and citizens to think together about ease of mobility. 
Tests were conducted over a period of three days with 
roughly 100 participants using 12 “senior cars” (6 km/h 
electric scooter wheelchairs with handlebars), 4 M-Cars 
(a micro EV production vehicle in the same class as the 
SV) and one low-ﬂoor bus for transporting participants. 
Elderly participants without driver licenses were deliv-
ered from their homes to the electric wheelchair rental 
location either by family or friends or using our low-ﬂoor 
bus, and from there used the electric wheelchairs to move 
freely around the town center. To better mimic an SV 
ownership scenario, elderly participants with driver li-
censes picked up their M-Cars at a spot outside the town 
center, and from there drove a few kilometers into town 
to do their shopping and other activities. Images from the 
ﬁeld test are presented in Figures 2 and 3. A broad range 
of evaluations was solicited, including the opinions of lo-
cal government, other road users and shopkeepers as well 
as participants. Many positive comments were received 
concerning the SV concept. In addition, four monitors 
participated in a long-term M-Car ﬁeld test to experience 
the difference between ordinary automobiles and SV-
comparable vehicles. 
3. FOLLOW-UP STUDY OF CHARACTERISTICS 
OF THE ELDERLY
The evaluation of characteristics of the elderly 
mentioned in Section 2 represented test subject charac-
teristics at a given point in time. To look at the impact of 
aging requires collecting data over the course of time. To 
this end, we conducted a follow-up study three years af-
ter our initial investigation. Due to various constraints the 
Fig. 1  Silver vehicle prototype 
Fig. 2  Townmobility ﬁeld test: electric scooters  
Fig. 3  Townmobility ﬁeld test: micro EVs
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investigation covered a limited range of topics and in-
cluded only 24 participants (plus 10 questionnaire-only 
respondents), but did succeed in gaining data for the same 
individuals as three years earlier. Topics addressed in-
cluded a lifestyle survey, two types of reaction-time mea-
surements, and physical characteristics (walking speed, 
standing long jump, and time balancing on one leg). Lon-
ger interview sessions were scheduled in order to cover 
any changes in life situation over the previous three years. 
Among the 24 participants, 11 were in their 60s, 11 in 
their 70s and 2 in their 80s, while 14 were men and 10 
were women. Results for walking speed and reaction 
time are summarized in Figures 4, 5 and 6. 
Measurements were conducted the same way as in 
Reference 1. Walking speed was measured by the amount 
of time it took to walk 20m at a normal pace. “Simple 
reaction time” was measured by time elapsed between a 
change on the screen and when the participant pressed a 
switch in response; “reaction time with decision” re-
quired participants to press different switches depending 
on the color of the change. The results generally con-
ﬁrmed a trend toward decreased ability with aging (as-
cending lines over three years) but also included some 
counter examples. While some participants showed speed 
improvements after beginning regular exercise to main-
tain their health, or had exercised using indoor treadmills 
purchased to compensate for the lack of outdoor exercise 
during the snowy months, for others illness had led to a 
marked reduction in venturing outs. Most subjects re-
ported little change in their lives over the previous three 
years although there were 3 instances of retirement and 4 
instances of a change in family structure. Most also re-
ported little change in their automobile driving practices 
although 3 reported making fewer long trips for shopping 
Fig. 4  Time required to walk 20m
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Fig. 5  Simple reaction time
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or pleasure and 1 actually reported increased automobile 
use due to a decline in leg strength. After test runs and 
evaluation of the prototype, a majority of participants in-
dicated they would purchase an SV, which was only at 
the concept level during the earlier investigation, as an 
alternative to the automobile if the cost were low. Many 
felt, however, that they did not want to use electric scoot-
ers while they could still walk because doing so made 
them appear to be the frail and old.
Among the 41 subjects of the original investigation, 
only 34 were available to participate in the follow-up 
study (including 10 questionnaire-only respondents). 
Reasons for non-availability included 3 deaths as well as 
cases of institutionalization and change of address. We 
realized both that characteristics of the elderly are difﬁ-
cult to treat collectively due to the inﬂuence of individual 
circumstances and also that undertaking such studies 
over time is itself no easy task. 
4. TOWN PLANNING AND MOBILITY DEVICES
Characteristics of the elderly vary, as do residential 
areas and the location of town facilities and shops. Vari-
ous mobility devices exist for different types of people, 
including self-driven automobiles, SVs, bicycles, handle-
bar-type electric wheelchairs and public transportation 
services such as buses and taxis. Ideally, mobility options 
would be provided for all combinations in accordance 
with regional and individual conditions.  
Town planning proposals include “pedestrian-life 
towns” and “compact cities,” and often promote the elim-
ination of automobile use for environmental reasons. 
Given population size, number of stores and distribution 
issues there is surely a need for various mobility devices 
and transportations devices, and our goal here is to look 
at how to match population characteristics with town 
characteristics. 
Table 1 categorizes the elderly by broad character-
istics. Some might argue that more reﬁned categoriza-
tions are called for, but our categories are broad in light 
of the relationship with mobility devices. Table 2 catego-
rizes various residential areas. Note that although speciﬁc 
distances are given they are for reference only and should 
be understood as approximate. 
Combining these categories allows the design of 
regional mobility and transportation schemes and appro-
priate road systems. There is relative freedom in making 
combinations when creating an entirely new city such as 
Sun City in the USA, but planning is extremely difﬁcult 
when there is an existing town and people live on land 
their ancestors have occupied for generations. Strong 
leadership will be required from public administrations 
that hope to prepare for the hyper-aged society of the 
future. The key point is determining how much the trans-
Table 1  Categories of the elderly
A: Unable to walk, or able to walk 
only a few dozen meters.
Difﬁculty in venturing out to walk even with a walker. Requires a wheelchair (with 
attendant) or electric scooter.
B: Able to walk 100 to 200 meters. Able to walk but not for long distances. Requires places to rest when walking. Could go 
as far as 1km independently with the help of an SV or electric scooter.
C: Able to walk 300 meters or more. Active senior capable of walking or bicycling freely in surrounding areas. Could go further 
with the help of an SV.
Fig. 6  Reaction time with decision
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portation system will rely on the automobile; the low-en-
vironmental impact and small-size of the SV offers an 
alternative not only to ordinary automobiles for elder mo-
bility between the town center and neighboring areas but 
also for within-area transportation of everybody. Various 
challenges to the adoption of micro-electric vehicles such 
as the SV are taken up in subsequent sections.
5. COMPATIBILITY OF MICRO-ELECTRIC 
VEHICLES
Efforts to date have demonstrated that the SV con-
cept proposed by the authors has a structure and charac-
teristics suited for use by the elderly and conﬁrmed its 
utility in townmobility ﬁeld tests of comparable produc-
tion vehicles. These production vehicles are known as 
under 50cc mini-cars and are sold in the thousands by 
multiple manufacturers.
The authors believe such micro-EVs are suitable 
for within-area mobility not only by the elderly but by all, 
and that providing a safe driving environment for them 
could position them as an important universal design mo-
bility device for use in town planning.
To this end, we addressed the following concerns, 
which remained after our efforts in T Town, in tests using 
SV-comparable production C-Cars in J Town, Ibaraki 
Prefecture:
• Acceptability among those other than the elderly.
• Driving characteristics of the elderly. 
• Compatibility with the road environment. 
5.1 Long-term use tests 
While four monitors participated in the long-term 
use testing of SV-compatible vehicles at T Town, in J 
Town 18 monitors (including the non-elderly) used the 
vehicles for periods of two weeks each, recording both 
usage and when the vehicles were charged. J Town is lo-
cated to the north of H City, which has a population of 
200,000, and can be divided into a town center stretching 
over a few kilometers and a mountainous area to the west. 
Most daily errands can be accomplished at supermarkets 
and the like in town but many residents also travel to 
mega-stores along the national road or to H City about 
10km away. Monitor details are presented in Table 3. The 
four C-Cars (Figure 7) used by monitors were provided 
by their manufacturer. 
No restrictions were established for the tests and 
some monitors ran their vehicles at speeds of up to 45km/
h, used them to access neighboring cities and drove them 
on the national road surrounded by large trucks. Figure 8 
summarizes usage results. Most monitors felt there were 
no problems with C-Car functionality such as accelera-
tion or maximum speed for operation within the area. 
Driving range between charges was around 10 to 40km 
and one monitor attained a maximum speed of 48km/h. 
Concern about running out of electricity tended to lead 
monitors to recharge early but there were no problems 
even with round-trips to neighboring towns. Also, al-
though J Town is hilly there were no problems running 
30km a day on an overnight charge. Using inexpensive 
nighttime electricity rendered a very economical electric-
Table 2  Categories of residential areas
a: Town Center
(Within a 200m radius of town ofﬁce, 
shopping, hospital)
Areas where shopping and hospital visits are generally within walking distance. 
“Pedestrian-life town planning” envisions conducting one’s life within such an area. 
Walking or the use of electric scooters is sufﬁcient. 
b: Central Area 
(Area surrounding a. 1km radius of 
center.) 
Areas with many current residents from which active seniors can access the town center 
on foot or by bicycle, but which are too far for an electric scooter. Could be supplemented 
by SVs for personal independent mobility or public transportation such as loop buses.
c: Neighboring Area 
(2-3km radius of center.)
Also has many current residents but automobile transport is a prerequisite. Public 
transportation (buses) is unproﬁtable and runs infrequently so private cars play a central 
role. Possible realization of “compact city” ideal if able to shake free of automobile 
dependence and promote life zone town planning.
d: Surrounding Area
(5-10km radius of center.)
Numerous communities located a considerable distance from the town center. Elderly 
unable to use private automobiles are at a serous disadvantage. Inability to secure personal 
mobility will make it difﬁcult for the elderly to remain in the community in the future.
Table 3  C-Car test monitors
Age Male Female Total
30s 5 0 5
40s 5 3 8
50s 1 1 2
60s 1 0 1
70s 1 0 1
80s 1 0 1
Total 14  4 18  
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ity charge of 1 yen/km. Many monitors were also im-
pressed with the low taxes and other running costs of an 
under-50cc vehicle (roughly one-eighth that of an stan-
dard automobile). Monitors also offered other positive 
assessments, such as that it felt good to drive an environ-
mentally friendly electric vehicle, that the vehicles were 
completely satisfactory when considered an evolution of 
a motorcycle rather than an automobile, that they were 
more stable and drove better than expected, and that they 
handled well. At the same time, negative opinions in-
cluded the fear of rollovers due to the narrow body width, 
the feeling that for the same price a light automobile 
would be more substantial, and dissatisfaction with the 
short range. Perhaps because of the close association 
with motorcycles, no one expressed concern about safety 
in the event of a collision. 
5.2 Evaluation of driving by the elderly 
To investigate how the elderly drive SV-compati-
ble vehicles in a general trafﬁc environment, 4 elderly 
Fig. 9  Course for evaluating driving characteristics
Fig. 10  Video images (C-Car)
drivers were asked to drive both their own automobiles 
and the C-Cars along the same course without other re-
striction. Driving was recorded using four cameras on-
board the C-Cars (forward, rear, driver and speedometer) 
as well as by staff in a following vehicle. The driving 
course was a roughly 5km loop on public roads in J Town, 
as shown in Figure 9. Five sections of the course marked 
either 30km/h or 40km/h were selected for behavioral 
analysis. Figure 10 presents an example of the video data 
recorded while Table 4 summarizes our ﬁndings. All 
subjects showed little speed difference between the two 
vehicles on the 30km/h sections of the roads. On the 40km/
h sections, however, subjects tended to exceed the speed 
limit when driving their own cars but to drive at the limit 
when operating the C-Cars. In post-test interviews sub-
jects indicated an increase in stress when driving the C-
Cars at greater than 40km/h. Regarding lane position, 
both vehicles were driven such that the driver’s position 
with respect to the road was roughly the same: own cars 
were positioned slightly to the left while the one-seater 
Fig. 7  C-Car testing in J Town
Frequency of Use Monitors
Daily 5
4-5 times/week 7
2-3 times/week 6
1 time/week 0
Avg. Daily
Running Distance Monitors
Less than 10km 9
10 to 24km 6
25 to 39km 3
40km or more 0
Objective Monitors
Commuting  7
Shopping 11
Short drive  5
Tourism  0
Leisure  1
Hospital  1
Delivery  1
Work  1
Other  1
Fig. 8  C-Car test results
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Table 4  Driving speed of elderly drivers
 Course  Subject A:  Subject A:  Subject B:  Subject B: Subject C:  Subject C:  Subject D:  Subject D:  
 Segment Own Car C-Car Own Car C-Car Own Car C-Car Own Car C-Car
 1 30+ 30+ 40- 30+ 40 40- 30 30
 2 40+ 30+ 40+ 40 50 40+ 40 40
 3 40- 30+ 40+ 40 50 40 35 35
 4 50- 30+ 40 40 50 40+ 40- 40
 5 50 40+ 40+ 40+ 50 40+ 40+ 40
C-Cars were positioned toward the center. This suggest-
ed that driver behavior was based on long years of driv-
ing experience rather than on an adjustment for the 
vehicle’s width. 
Although the sample was limited, the results from 
both T Town and J Town suggest there is little problem 
with the way elderly drivers operate SVs in town. Sub-
jects tended to drive SVs safely even in areas where they 
tended to speed when driving their own automobiles, 
suggesting a high level of SV receptivity. 
5.3 Compatibility with road environment
Because SVs are positioned as low-speed vehicles, 
how to integrate them into mixed trafﬁc with general ve-
hicles is a key issue. The original concept was to reduce 
the speed limit for all roads within the area to around 
30km/h to create a community zone but there is a great 
deal of resistance to lowering the speed limit for applica-
tion in existing towns. In J Town, therefore, we decided 
to investigate the impact of slow-speed operation on the 
behavior of other trafﬁc. 
Tests recording the behavior of trailing vehicles 
were conducted on three sections of the course described 
in the previous section. Test conditions were to have ei-
ther the C-Car or a van drive at a steady 20, 30 and 40km/
h (plus, for the C-Car, driving toward the left side of the 
lane at 30km/h) and to take a video record of how trailing 
vehicles behaved. 14 runs were made with the C-Car and 
7 for the van. Figure 11 summarizes the rate at which the 
C-Car was passed. At 20km/h almost all trailing vehicles 
passed the test vehicle while at 40km/h (the speed limit) 
almost none did. At 30km/h most trailing vehicles passed 
the test vehicle when it was positioned to the left side of 
the lane but only a minority did so when it was positioned 
to the center. The van, however, was passed only once at 
30km/h, and otherwise was not passed even when travel-
ing at 20km/h. 
The above suggests that ordinary automobiles ﬁnd 
20km/h to be too slow but will follow behind rather than 
pass at 30km/h if conditions are unfavorable for passing. 
Accordingly, it seems reasonable to establish a low-speed 
area of 30km/h as an appropriate environment for SVs to 
operate in mixed trafﬁc. In addition, under test conditions 
the existence of intersections and trafﬁc lights meant that 
changing vehicle speed did not result in a difference of 
150% for total elapsed time. 
6. DISCUSSIONS
We conducted various investigations of the life-
styles and physical characteristics of the elderly and their 
means of mobility. With the exception of urban areas 
with developed public transportation networks, problems 
of public transportation availability and accidents among 
older drivers make living in surrounding areas difﬁcult 
for the elderly. Local community bus services, except 
when planned and operated carefully in areas with a rela-
tively dense population of users, can become an under-
used waste of subsidy funding. In light of this situation, it 
is important that the elderly live as close as possible to 
the town center and have means of mobility available that 
are suited to their physical characteristics. Those capable 
of driving automobiles without a problem can continue 
doing so but preparing a low-speed environment would 
increase the margin of safety for SV and provide an in-
centive to shift to such vehicles. Those for whom driving 
automobiles has become difﬁcult can live in the town 
Fig. 11  Results of passing behavior test
Pa
ss
in
g 
ra
te
 [ 
– 
]
IATSS RESEARCH Vol.30 No.1, 2006  59
MOBILITY DEVICES FOR THE ELDERLY   – “Silver Vehicle” Feasibility – M. KAMATA, M. SHINO 
center free of dependence on automobiles or live in a 
neighboring area accessible to the town center by low-
speed SVs. Those who have given up driving or do not 
have a drivers license would choose to move on foot, by 
bicycle or by electric scooter in accordance with their 
physical characteristics, but transportation by bus from 
neighboring areas might also be possible where there was 
signiﬁcant demand. Introducing DRT would also enable 
more ﬁnely tuned service. 
In terms of town planning, ensuring there are rea-
sons to venture out and the means to do so are important 
parts of ensuring active lives for the elderly. Therefore, if 
shops and hospitals and other facilities are located in the 
central area the elderly must either live in the surround-
ing area or be provided with means of access. Current 
means of access include the use of private vehicles or bus 
services (including taxis). Nevertheless, given the in-
creasing aging of society, there is a need to come up with 
ways of operating buses that do not require excessive 
public support. The creation of “compact cities” with 
low-speed areas is one possible solution.  
All functions necessary for daily life could be lo-
cated in a roughly 2km radius of the town center within 
which all roads except trunk roads would carry mixed SV 
and regular automobile trafﬁc traveling at low speeds. 
Creating differential parking policies for regular automo-
biles and SVs could encourage the switch to SVs and im-
prove the environment. Finally, SVs can be used as 
mobility devices by the able-bodied as well as the elderly. 
7. CONCLUSIONS
We looked at the lifestyles and mobility environ-
ments of the elderly in small regional cities dependent on 
automobile use and poorly served by public transporta-
tion. Our ﬁndings can be summarized as follows:
Based on previous reports:
• Private automobiles are a life necessity even for the el-
derly but declining abilities bring the fear of accidents.
• Those leading active lives through the use of private 
vehicles score better for physical characteristics than 
those without licenses who rarely venture out. 
• The “silver vehicle” (SV), a one-seater micro-electric 
vehicle with a maximum speed of about 30km/h, was 
proposed as a safe and comfortable mobility device for 
the elderly. 
• Evaluation testing of the SV was broadly supportive of 
the concept but there is a need to prepare an environ-
ment where low-speed vehicles can operate safely and 
comfortably.
Based on the current report:
• A follow-up investigation of the elderly three years 
later revealed little change in the lives of most but did 
reveal a material decline in response time and the need 
to encourage self-awareness of same. 
• To lead active lives, the elderly require not only a 
means of mobility but also a place to live and reasons 
to venture out – issues that must be addressed from a 
town planning perspective.
• Tests using SV-compatible production vehicles dem-
onstrated the SV to be a viable means of transportation 
for the non-elderly, as well, and a possible environmen-
tally friendly transportation tool for within-area use.
• Applying a 30km/h speed limit on all roads other than 
trunk roads seems to establish a driving environment 
in which SVs can operate safely in mixed trafﬁc. Ad-
ditional safety risk management studies are required 
but the success of “community zones” adopted in vari-
ous locations suggests that micro electric vehicles, in 
combination with the low-speed community area con-
cept, offer an effective means of access for the elderly 
and other area residents. 
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